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A method, and the structure formed thereby, 
of coating a fluidizable material onto a surface of 
a substrate wherein the substrate is not wettable by 
the fluidizable material includes depositing a layer 
of powder particles on the surface of the substrate, 
the powder particles being wettable by the fluidizable 
material; contacting the fluidizable material to the 
layer of powder particles; and allowing the fluidizable 
material to wick between the powder particles and to 
contact the surface of the substrate. Another aspect 
is a method for making a ceramic-metal tape which 
includes depositing a layer of a non-wettable ceramic 
powder onto a solid form; depositing a layer of a 
wettable powder onto the layer of the non-wettable 
ceramic powder; contacting a metal to the layer of the 
wettable powder, heating the metal to a temperature 
in which the metal melts and wicks through the 
layer of the wettable powder, and cooling the metal- 
infiltrated structure to solidify the metal. Another aspect is a method for bonding ceramic bodies together and the layered structure formed 
therefrom. The method includes coating a surface of a first ceramic body with non-reactive powder particles and reactive powder particles; 
abutting a surface of a second ceramic body against the coated surface of the first ceramic body; contacting the coating between the first 
ceramic body and the second ceramic body with a metal; and heating the metal so that the metal infiltrates through the powder particles. 
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METHOD OF COATING, METHOD FOR MAKING 

CERAMIC-METAL STRUCTURES, METHOD FOR BONDING, AND STRUCTURES FORMED THEREBY 

The present invention relates generally to methods of coating a non-wettable 

material onto a substrate, methods for making ceramic-metal structures, such as tapes, 

5    methods for bonding two ceramic bodies together, and, structures formed by the methods. 

With today's increasing needs for improved materials, there are often instances 

when it would be desirable to have a material with properties of a metal, such as toughness, 

deformability, electrical conductivity, heat conductivity, and welding capability, and the 

strength and rigidity of a ceramic. One way of achieving such a hybrid material would be to 

10  'ayer a metal and a ceramic by coating a metal onto a ceramic substrate. The resulting layered 

material could be used to make conventional devices, but since the material would combine 

the advantages of a metal with a ceramic, the device could be made smaller, thus, lighter, than 

devices made of previous materials and yet remain efficacious for the intended use. 

However, it is often found that a chosen metal does not coat well onto a chosen 

15  ceramic because the wetting properties between the chosen metal and ceramic are not 

conducive for wetting. 

It would also be desirable to coat a non- wettable metal onto a ceramic substrate 

and resulting in a minimal amount of metal oxide in the layered product, as metal oxides are 

often detrimental to conductivity and strength. 

20 There are also countless other instances when it is difficult to coat a material, 

whether the material be solid or liquid at room temperature, onto a substrate of choice 

because the wetting characteristics between the material to be coated and the substrate 

material are not conducive for wetting. 

In the morespecific field of making ceramic- metal tapes, the most common 

25   method used is a tape casting technique. Thi^ technique often requires a high content of 

A binders in the casted tape, which is undesirable because the binders are frequently difficult to 

remove. The tape casting technique also often requires the use of organic solvents in order to 

cast the tapes. However, the use of organic solvents is not environmentally desirable. 

Another problem with current tape casting techniques is that develo ping the 

30 formulations suitable for both the ceramic and the metal powders is not an easy task. In 

addition, it is difficult to control the thickness of tapes formed by current techniques. A further 

problem with current tape casting techniques is that tapes that are f ormed'are porous and 

shrink in all dimensions upon densification at eleVated temperatures and typically require 

undesirably high temperatures for processing. 

35 In the ceramics industry/there is also a need for improved ways of bonding two 

ceramic bodies together. Often, two ceramic bodies are bonded together with another 

ceramic. The thus-formed ceramic joint has good strength, but once the joint fails, it fails in a 

catastrophic manner. When a metal joint is used to bond two ceramic bodies together, the 
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metal joint typically has a lower strength than a ceramic joint, but is capable of deforming with 

slow crack propagation and, therefore, has less catastrophic failure than a ceramic joint. 

Therefore, it is desirable to have a way of bonding two ceramic bodies together which has the 

advantage of the high strength of a ceramic joint as well as the characteristically less 

5   catastrophicfailure of a metal joint 

it is, therefore, one object of the present invention to provide a structure of a 

non-wettable material on a solid substrate and a method for making same. 

It is yet another object of the present invention to provide a method for making 

ceramic-metal structures, such as tapes, which method requires little or no binders or organic 

10 solvents, is applicable to many different ceramic-metal formulations, allows easy control of the 

thickness of the tape, forms fairly dense tapes so that little or no shrinkage occurs upon 

densifkation at elevated temperatures, and does not require undesirably high processing 

temperatures. 

It is still another object of the present invention to provide a structure of two 

15  ceramic bodies bonded together having high bond strength and slow crack propagation and a 

method of bonding the two ceramic bodies together. 

To achieve the foregoing objects, one aspect of the present invention is a method 

of coating a non- wetting fluidizable material onto a surface of a substrate wherein the 

substrate is not wettable or only poorly wettable by the non-wetting fluidizable material. The 

20  method includes (a) depositing a layer of powder particles on the surface of the substrate, 

wherein the powder particles are wettable by the non-wetting fluidizable material; (b) 

contacting the non-wetting fluidizable material to the layer of powder particles; and (c) 

allowing the non-wetting fluidizable material to wick between the powder particles in the 

layer and to contact the surf ace of the substrate, thereby coating the surface of the substrate 

25 with the non-wettable fluidizable material. 

More specificaliy, the non-wetting fluidizable material may be formed of organic 

fluids, inorganic fluids, polymeric materials, glass, or metal, the substrate may be formed of 

metal, glass, ceramic, or composites of ceramic and metal, and the powder particles may be 

formed of metal, ceramic, or mixtures thereof. Preferably, the powder particles are deposited 

30  in a layer having a thickness of from 1 to 25 micrometers and a porosity of from 50 to 90 

percent, and the powder particles have an average particle size of from 0.1 micrometers to 50 

micrometers. Advantageously, the non-wetting fluidizable material coating may contact at 

least about 50 percent of the surface of the substrate which was covered by the layer of powder 

particles. 

25 The layered structure formed from the method described immediately above 

includes a solid substrate, a non-wetting fluidizable material coating adhered onto a surface of 

the solid substrate, and powder particles dispersed in the coating of the non-wetting 

fluidizable material. Preferably, in the layered structure, the non-wetting fluidizable material 
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is substantially continuously coated onto the surface of the solid substrate. The term 

"substantially continuously coated", as used herein, is meant that the noh-wetting fluidizable 

.,. ,   rri    i^f a I contacts at least about 50 percent of the surface of the solid substrate upon which it is 

coated. 

5 Another aspect of the present invention is a method for making a ceramic-metal 

tape. The method includes (a) depositing a layer of a non-wettable ceramic powder onto a 

solid form; (b) depositing a layer of a wettable powder onto the layer of the non-wettable 

ceramic powder; (c) contacting a metal to the layer of the wettable powder; (d) heating the 

metal to a temperature in which the metal melts and wicks through the layer of the wettable 

10  powder and around the individual particles of the wettable powder contacting the layer of the 

non-wettable ceramic powder to form a metal-infiltrated structure/and (e) cooling the metal- 

infiltrated structure to solidify the metal, thereby forming a ceramic-metal tape on the solid 

form. In this aspect, the non-wettable ceramic powder is not wettable by the molten metal and 

the wettable powder is wettable by the molten metal. 

15 The ceramic-metal tapes, thus f ormed, may be layered together and the layered 

structure may be heated to a temperature which causes the layered ceramic-metal tapes to 

bond together and form a ceramic-metal structure 

Yet another aspect of the presentinvention is a method for bonding ceramic 

bodies together. The method includes (a) coating a surface of a first ceramic body with non- 

20  reactive powder particles and reactive powder particles; (bj abutting a surface of a second 

ceramic body against the coated surface of the f irst ceramic body; (c) contacting the coating 

between the first ceramic bcjdy and the second ceramic body with a metal, (df heating the 

metal to a temperature for a sufficient period of timeso that theWtal infiltrates through the 

powder particle coating, around the individual powder particles, and contacts the two ceramic 

25   bodies; and (e) cooling the infiltrated metal until the metal solidifies, thereby bonding the two 

ceramic bodies together. The non-reactive powder particles are non-reactive with the 

infiltrating metal, and the reactive powder particles are reactive with the infiltrating metal. 

The layered structure formedI from the rietlfiod described immediately above 

includes (a) a first ceramic body; (b) a metal-infiltrated layer bonded to the first ceramic body; 

30  and (c) a second ceramic body bonded to the metal-inf iltrated layer. The metal-infiltrated layer 

contains reactive material, non-reactive material, and metal, wherein the reactive material is 

reactive to the metal and the non-reactive material is non-reactive to the metal! 

Other objects, features, and advantages of the present invention will be readily 

appreciated as the same becomes better understood after reading the subsequent description 

35  taken in conjunction with the appendant drawings. 

Figure 1 illustrates a step in the method of one embodiment of the present 

invention in which a fluidizable material is contacted to a layer of powder particles which has 

been deposited onto a substrate. 
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Figure 2 shows the layered structure formed by the method partialiy illustrated in 

Figure!. 

Figure 3 illustrates a step in the method of another embodiment of the present 

invention in which a metal is contacted to a layer of wettable powders on a ceramic form. 

5 Figure 4 illustrates another step in the method of the embodiment shown in 

Figure 3. 

Figure 5 shows a ceramfc-metal tape formed from the method illustrated in 

Figures 3 and 4. 

The first embodiment of the present invention is a method for coating a non- 

10 wetting fluidizable material on a substrate which is not wettable or only poorly wettable by 

the non-wetting fluidizable material. The method generally includes th£ steps of (a) depositing 

a layer of powder particles which are wettable by the non-wetting f luidizable material onto a 

surface of the substrate, (b) contacting the fluidizable material to the Jayer of powder particles, 

and (c) allowing the fluidizable material to wick between the powder particles and to contact 

15 the surface of the substrate, thereby forming a substantially continuous coating on the 

substrate. 

the substrate may have any shape and may be formed of, for example, metal, 

glass, ceramic, or a ceramic-metal composite. Exemplary ceramics which may form the 

substrate include AlN, SiC, A!203, Si3N4, and B4C. The substrate may be formed by any suitable 

20  technique, such as, slip casting, pressing, tape casting, extrusion, or injection molding, if a high 

density substrate is required, greenware may be densified by techniques such as sintering, hot 

pressing, hot isostatic pressing, or infiltrating metal into the substrate. 

The fluidizable material to be coated may be any fluidizable material, that is, any 

material which is or may be made fluid, for example, by melting. If the fluidizable material to 

25  be coated is meltable, the meltable material should melt at a temperature tower than the 

temperature at Which the substrate or the powder particles melt or extensively react with each 

other. It is preferred that the coating of the fluidizable material becapableof adhering to the 

substrate either by chemical or physical interaction. 

Specific examples of the fluidizable material are organic or inorganic fluids, glass, 

30  polymeric materials, and metals, including metal alloys. Polymeric materials include 

thermoplastics and polymeric fluids. Exemplary metals include aluminum, copper, magnesium, 

cobalt, iron, molybdenum, and nickel. An exemplary metal alloy is molybdenum-nickel. 

The first embodiment method of the present invention provides the ability of 

coating a liquid onto a solid when the liquid and solid are characterized by non-wetting 

35  behavior. One can determine whether or not a material (A) is wettable or not wettable by 

material (B) in a particular atmosphere by measuring the contact angle of a liquid or f luidized 

drop of material (B) on a dense body of material (A) in the chosen atmosphere. If material (B) is 

solid at room temperature, then material (B) must be heated to its melting point to measure 

.4- 



WO 97/00734 PCT/US96/10180 

the cpntact angle. The contact angle is the angle between the Iiquid-ga5 interface and the 

liquid-solid interface. 

v: > !     . j Material (A) is considered wettable by material (B) if the contact angle is less than 

, 90°. When a wettable combination is desired it is preferred that the contact angle be less than 

■  5    45° and, more preferably, less than 25°. Material (A) is considered not wettable by material (B) 

if the contact angle is equal to or greater than 90°. 

... The powder particles to be deposited onto the surface of the substrate must be 

wettable by the fluidizable material. The composition of the powder particles is chosen such 

thatr when tbe,fluidjz9ble material is fluidized and contacted with the layer of powder 

lO particles, the fluidizable material flows between the powder particles due to capillary action. 

The powder particles dp not have to be capable of chemicaljy or mechanically bondiftg to the 

substrate. Often, it is desired that the powder particles do not bond or bond only weakly to the 

,  substrate after being subjected to the conditions of the method of the present invention. 

Exemplary materials which may constitute the powder particles include metals, 

15  ceramics, and mixtures thereof. Some examples of combinations of substances for the powder 

particles and fluidizable materials include: W and Cu, Ti and Mg, WC and Co, TiC and Co, WC 

and Fe, Mo5i2 and Al, TiC and Mo, B^C and Al, TiB2 and Al, TiC and Al, SiB4 and Al, TiB2 and Ni, 

, . and TiC and Mo-Ni. 

It is preferred that the powder particles, have a particle size of from 0.1 to 50 

20   micrometers, more preferably, from 1 to 25 micrometers, and, most preferably, from 1 to 5 

micrometers. 

The powder particles may be deposited on the surface of the substrate by many 

techniques. For example, the, powder particles may be;dispersed in a liquid and deposited, for 

example, by spraying, brushing, or printing. Printing techniques allow the powder particles to 

25  be deposited in a pattern on the substrate. One can also use techniques such as chemical vapor 

deposition, plasma-enhanced deposition or ion bearp sputtering. If the powder particles are 

deposited as a dispersion, the layer of powder particles is preferably dried before infiltrating 

the metal. 

It is preferred that the powder particles be deposited on the substrate to a dry 

30 thickness of from, 1 to 500 micrometers, more preferably, from 3 to 150 micrometers, and, most 

preferably, fronj 5 to, 100 micrometers. Typically, the powder particles are deposited from one 

, to 20 monolayers thick, preferably, at least two monolayers thick. 

The layer of dried powder particles preferably has a porosity of from 50 to 90 

percent, more preferably, from 60 to 80 percent, and, most preferably, from 70 to 80 percent. 

35 Due tp the porosity of the powder particle layer, the powder particle layer is discontinuous 

along the surface of the substrate. 

Once the substrate has a dry powder-particle layer thereon, the powder-particle 

layer is contacted with the fluidizable material either by placing the fluidizable material 
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'     directly on the powder-particle layer br by merely touching a portion of the powder- particle 

layer with the fluidizable material. 

Figure 1 illustrates this step of the method, wherein a block of fluidizable 

material 10 (shown as being metal) is resting oh a layer 12 of powder particles (also shown as 

5    being metal) which have been deposited on a surface of a substrate 14. As illus trated, the layer 

'  12 of powder particles is porous and contacts the substrate 14 discontihuously. 

If the fluidizable material is fluid at room temperature, the fluidizable material 

will wick between and around the powder particles, eventually being forced to contact the 

substrate surface. In addition, it is desirable that the fluidizable material becapable of flowing 

1Q  under the powder particles adjacent to the substrate surface; thus, increasing the amount of 

contact area betweenthefluidizabie material and the subs^ate. The increase of contact area 

helps to improve adhesion of the fluidizable material coating to the substrate. 
C ' If thefluidizablematerial is solid at room temperature, the fluidizable material is 

heated to an elevated temperature and for a sufficient period of time so that the fluidizable 

15 material melts and wicks between the powder particles and preferably between at least some 

of the powder particles and the substrate surface, the heating of the fluidizable material is 

typically conducted under vacuuml 

At the completion ofthe wicking ofthe fluidizable material, the fluidizable 

material preferably flows around the powder particles and contacts at least 50 percent, more 

20 preferably, at least 80 percent, most preferably, at least 95 percent, of the substrate surface 

that was originally deposited with thepowder particles;. As a result of the coating of the 

fluidizable material on the substrate surface, the powder-particle layer remains discontinuous 

on or does not contact the substrate surface. The resulting fluidizable-material coating consists 

substantially of isolated powder particles surrounded by acontinuous layer of the fluidizable 

25  material. The fluidizable material is in direct contact with the surface of the substrate which is 

otherwise not wettable by thefluidizable material. Identical experiments conducted without 

the layer of powder particles results in the lack of a continuous coating on the substrate, 

because, due to the poor wetting of the fluidizable material on the substrate, the fluidizable 

material is unable to spread out on the substrate. 

30 Figure 2 illustrates the layered structure formed by the method of the first 

embodiment of the present invention. Metal 10 has infiltrated into layer 1 2 of the powder 

particles and aroundthe individual powder particles until it has continuous contact with the 

surface of substrate 14. 

The content of the powder particles in the powder particle/f iuidizabie material 

35  composite layer may typically be from 5 to 25 weight percent based on the weight of the 

composite layer. 

If the fluidizable material is a metal, one advantage of this method is that the 

resulting substrate-coating interface has a minimal amount of undesirable metal oxide present. 
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the present method results in a low amount of metal oxide at the substrate-fluidizable 

material interface, because, during the coating procedure, the liquidmetal is mobile and leaves 

; behind an oxidized surface layeras it infiltrates, into the powder particle layer. Therefore the 

,v    interface is fr£e,frpm surface oxides which are typically present in products made by other 

5    methods which use metal foils or particles. Haying a fresh, clean metal surface in contact with 

the substrate surface helps to increase tyie chemical diffusion between the metal and the 

substrate^thus, improving adhesion and bonding between the two. 

.. The n^etal-infiltratjBd.Jayer of the layered structure may be used as a heat 

.  ,. conductor, an, elertnjC^l cpnductor> a toughening barrier, or a welding zone, or it may be 

j 0  reacted or pxidized to form a chemically- and/pr^mech^nically-protectiye layer. 

.The second embodiment of the present invention is a method for making a 

ceramic-fnetfil tape. The method includes the steps of (a) depositing a layer of a non- wettable 

ceramic powder Qnto a. shaped solid form; (b) depositing a layer of a wettable powder onto the 

layer of tbe.npn-wettable ceramic powder; (c) contacting a metal to the layer of the wettable 

15  powder; (d) heating the metal to a temperature in which the metal wicks between the particles 

of the layer of the wettable powder and contactstheflayer of the non-wettable ceramic 

powderto form a metal-infiltrated structure, and Je) cooling the metal-infiltrated structure to 

solidify the metal and form a ceramic^metal tape on the solid form. The non-wettable ceramic 

powder stops metal flow which allows the tape to be separated from the solid form when 

20 .infiltration and cooling is completed.  5_ 

The method of the second embodiment employs the method of the first 

embodiment. Ip the first embodiment, a fM 

around powder particles otn a surface of a substrate. In the second embodiment, the f luidizable 

material is molten metal and the substrate is a splid form.hayifig a layer of non-wettable 

25   ceramic powder thereon.       ., , 

i. , , The solid form used in the second embodiment of the present invention may be 

flat-surfaced <?rcontoured and is typically formed of ceramic If the solid form is to be used as a 

mold surface and subsequently removed, then the solid form is preferably formed of a material . 

which is non-bonding to the non-wettable ceramic powder after being subjected to the 

30  conditions (temperature and pressure) of the method. It is also preferred that, if the solid form 

is to be removed, the solid form be formed of a material which is not wettable by the particular 

metal in the method. 

If the solid form is to remain a part of the final structure, then it is preferred that 

the solid form be formed of a material which bonds to the non-wettable ceramic powder upon 

35  being subjected to the conditions (temperature and pressure) of the second embodiment of 

the present invention. 

The bonding, non-bonding, and wettable interactions between the solid form 

and the other materials may be determined empirically. 



WO 97/00734 fCT/US96/10180 

As mentioned, the non-wettable ceramic powder is not-wettable by the metal to 

be used in the method. The definition of non-wettable is the same as that discussed for the first 

embodiment of the present invention. The non-wettable ceramic powder is present to act as a 

barrier layer, keeping the metal frbrrt contacting the solid form. 

5 Preferably, the nbn-wettable ceramic powder has a particle iize of from 0.01 to 

100 micrometers, more preferably, from 0.01 to 10 micrometers, and, most preferably, from 

6.01 to 1 micrometer. 

the non-wettable ceramic powder layer may be deposited by the same 

techniques as suggested for the powder particles of the first embodiment of the present 

10  invention discussed above, if the rioh-wettable ceramic powder layer is applied as a dispersion, 

the layer is allowed to dry. 

It is preferred that the dry layer of the non- wettable ceramic powder have a 

thickness of from 6.1 to 100 micrometers; hiore preferably, from 1 to SO micrometers, and, most 

preferably, from ! to 25 micrometers. Typically, the non-wettable ceramic powder layer is from 

-j 5  1 to 10 monolayers thick. 

It is preferred that the dry layer of the hon- wettable ceramic powder have a 

porosity of from 40 to 80 percent, more preferably, from 40 to 70 percent, and, most 

preferably/from 40 to 60 percent As mentioned hereinabove, the wettable powder particles 

are wettable by the metal to be wicked therebetween. The definition of wettable and the 

20 preferred contact angles are the same as those discussed for this first embodiment of the 

present invention. The composition of the wettable powder is chosen such that, when the 

metal is molten and coritacted with the wettable powder, the molten metal flows between the 

particles of the wettable powder due    capillary a^ion. The wettable powder does not have 

to be capable of chemically or mechanically bonding to the substrate. Typically, the wettable 

25  powder is formed of ceramic or metal. 

The wettablie pbwder may be deposited by the same techniques as described for 

coating the powder particles in the first embodiment of the present invention. 
: The preferred particle size of the wettable powder and the preferred properties 

of the wettable powder layer, such as thickness and porosity, depends on the tape properties 

30 desired. Typically, the particle size of the wettable powder is from 0.1 to 50 micrometers, the 

solid content of the wettable powder layer is from 10 to 50 percent (that is, the porosity of the 

wettable powder layer is from 50 to 90 percent), and the tape thickness ranges from 5 to 1000 

micrometers. 

The metal to be wicked between the particles of wettable powder may be an 

35 elemental metal, an alloy, or mixtures thereof. To wick the metal between the particles, the 

metal is first contacted to the wettable powder layer. The method of contact is not important 

For example, the metal may be placed entirely on the wettable powder layer or it may merely 

be contacted to a portion of the wettable powder layer. 
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Figure 3 illustrates contacting the metal to the coating of wettable powder in 

, which rnetal 20 is resting on coating 22 of a wettable powder which has been deposited on 

coating 2,4.of a non-wettahle powder which/, in turn, has been deposited on ceramic form 26. 

After contacting the metal to the wettable powder, the metal is heated to a 

5    temperature in which the metal wicks between and around the particles of wettable powder 

until the metal contacts the non-vye^ble ceramic powder, as shown in Figure 4. The metal 

does not generally wick between the particles of the non-wettable ceramic powder. The 

heating step of the second embodiment is typically conducted under vacuum or in an inert gas 

atmosphere. r>w 

10        , v        After heating the metal and aNowinsj jtto wick between the particles, asdesired, 

the layered structure which includes the solid form, the layer of non-wettable ceramic powder 

deposited on the surface of the solid form, the layer of wettable powder surrounded by a 

continuous matrix of metal, is allowed to cool to solidify the qietal. When t^e compositions of 

the solid form and the non-wettable ceramic powder are chosen so that the.two do not bond 

15 together during the method, the solid form may be removed from the remainder of the 

structure which consists of a layered structure vyith one layer consisting of non-wettable 

ceramic and a second layer consisting of wettable powder infiltrated with metal. The layer of 

non-wettjable ceramic powder can be easily removed from the layer of wettable powder 

infiltrated with metal by several techniques including mechanical grinding or brushing. The 

20  wettable powder infiltrated with metal may be considered a ceramic-metal tape, which is 

shown in Figure 5. 

The amount of ceramic in thet ceramic-metal tape depends on the method of 

depositing the ceramic powder and the particle size of the ceramic powder, but can typically 

vary from 10 to 50 weight percent biased onthe. weight of the tape. 

25 The thus-formed ceramic-metal tape typically has a density which is at least about 

95 percent of the theoretical maximum density. Depending on the shape of the solid form, the 

tape may be flat or have complex geometries. 

, The thus-formed ceramic-metal tapes may be layered together and the layered 

tapes may be heated to a temperature which causes the tapes to bond together. The 

30 temperature for bonding may be a metal deformation temperature which is below the melting 

temperature of the metal but is high enough to render the metal deformable under pressure. 

In another fashion, the temperature for bonding two tapes together may be the diffusion 

sintering temperature in which the temperature is high enough to cause the diffusion of the 

metal into the adjoining ceramic layer. The layering of the ceramic-metal tapes may involve 

35 two or more layers and may involve layers of different composition. 

Exemplary combinations of materials in which the solid form may be removed 

after the heating step are shown in the following table. 
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Combination 
Ceramic 

Form ' 
Non-Wettable 

Powder 
Wettable 

; Powder 
Metal 

I A1N AlN TiB2 
•A T Al 

5 II AlN ( A1N : B4C Al 

III . .AlN AlN Tie Mo-Ni 

•       IV ■   •• i , Al203 Si3N4    , ' WC Co 

v •■ : A1203 A1N . TiB Al 

10 71 

VII 

• Al20'3 

AlN 

A1N 

B4C 

' AI2O3 Nd 

Cu 

Single tapes and composites of several tapes formed by the method of the second 

embodiment of the preseint invention can be used in the electronic industry for electronic 

15  substrates and hard disk drive components. The tapes and composites may also be used for 

structural applications, such as lightweight automotive brakes, robotic arms, and clutches. 

The third embodiment of the present invention is generally a method for 

bonding ceramic bodies together using a reactive powder, a non-reactive powder, and a metal. 

The method includes first coating a surface of a first ceramic body with reactive powder 

20  particles and non-reactive powder particles. Optionally, a surface of a second ceramic body 

may also be coated. The reactive powder particles are chemically reactive with the particular 

metal selected, and the non-reactive powder particles are chemically non-reactive with the 

selected metal. A surface of a second ceramic body is then abutted against the coated surface 

of the first ceramic body. The coating between the two ceramic bodies defines the bonding 

25  zone. The coating between the f irst ceramic body and the second ceramic body is then 

contacted with the metal, and the metal is heated to a temperature for a sufficient period of 

time so that the metal is caused to wick and infiltrate through the coating and around the 

individual particles of the coating, finally contacting the two ceramic bodies. When the metal 

is allowed to cool and solidify, the two ceramic bodies are bonded together. 

30 The ceramic bodies to be bonded together may be formed of ceramic, having 

little or no free metal, or they may be formed of a ceramic-metal composite. The ceramic 

bodies may be of any size or shape. The ceramic bodies may be wettable or non-wettable by 

the infiltrating metal. Additionally, the ceramic bodies may be chemically reactive or 

chemically non-reactive with the infiltrating metal. As stated, the reactive powder particles are 

35  chemically reactive with the metal to be infiltrated into the bonding zone. That is, the reactive 

powder particles, used in the present invention, are those which form new material phases 
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with the infiltrating metal. In contrast, the non-reactive powder particles, used in the present 

invention, are those which do not form new material phases with the infiltrating metal. 

Both the reactive and the non-reactiye powder particles must be wettable by the 

infiltrating metal according to the definition for wettable as previously mentioned for the first 

5    embodiment of the present invention. The preferred contact angles previously mentioned 

also apply in this third embodiment of the present invention. 

The reactive and non-reactive powder particles preferably have a particle size of 

from 0.1 to 10 micrometers and, more preferably/from 0.5 to 5 micrometers. Typically, the 

reactive and the non-reactive powder particles are ceramic or ceramic mixtures. 

-jO Coating the reactive and non-reactive powder particles onto the ceramic body or 

bodies maybe done in any of several ways. For oneway of coating, two ceramic bodies maybe 

coated initially with a layer of reactive powder particles and thereafter coated with a layer of 

non-reactive powder particles. The two bodies may then be abutted at their coated surfaces 

for bonding them together. In this way of coating, it is preferred that the layers of reactive 

-15  powder particles have a thickness of from 0.5 to 15 micrometers, more preferably, from 1 to 5 

micrometers, and the two layers of non-reactive powder particles have a total thickness of from 

1 to 50 micrometers, more preferably, from 1 to 10 micrometers. The layers of non-reactive 

powder particles individually preferably have a thickness of from 0.5 to 25 micrometers, and, 

more preferably, from 0.5 to 5 micrometers. 

20 for a second way of coating, a first ceramic body may be coated initially with a 

layer of the reactive powder particles and thereafter coated with a layer of the non-reactive 

powder particles, and a second ceramic body may be coated with a layer of the reactive powder 

particles only. The two bodies may then be abutted at their coated surfaces for bonding them 

together. In this way of coating, it is preferred that each of the layers of reactive powder 

25   particles have a thickness of from 0.5 to 15 micrometers, more preferably, from 1 to 5 

micrometers, and the layer of non-reactive powder particles have a thickness of from 1 to 25 

micrometers. 

As a third way of coating, a first ceramic body may be coated initially with a layer 

of reactive powder particles and thereafter coated with a layer of a mixture of reactive powder 

30  particles and non-reactive powder particles, and a second ceramic body may be coated with a 

layer of reactive powder particles only. The two bodies may then be abutted at their coated 

surfaces for bonding them together. The mixture of reactive and non- reactive powder 

particles may have various ratios of reactive powder particles to non-reactive powder particles 

depending on the bonding characteristics desired. Preferably, the ratio of reactive powder 

35  particles to non-reactive powder particles isfrom 75:25 to 25:75 and, more preferably, from 

50:50 to 25:75. In this way of coating, it is preferred that each of the layers of reactive powder 

particles have a thickness of from 1 to 10 micrometers, more preferably, from 1 to 5 
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micrometers, and the layer of the mixture of reactive and non-reactive powder particles have a 

thickness of from 5 to 50 micrometers, more preferably, from 10 to 20 micrometers. 

As a fourth but less preferred way of coating, a first ceramic body may be coated 

with a layer of a mixture of reactive powder particles and non-reactive powder particles. The 

5    mixture preferably has a ratio of reactive powder particles to non-reactive powder particles of 

from 75:25 to 25:75 and, more preferably, from 50:50 to 25:75. A second ceramic body may ! 

then be abutted againstthe coated surface of the first ceramic body for bonding the two 

bodies together. In this way of coating, it is preferred that the layer of the mixture of reactive 

and non-reactive powder particles have a thickness of from 1 to 50 micrometers, more 

10  preferably, from 5 to 20 micrpmeters. 

The layers of reactive powder particles preferably have a porosity of from 50 to 90 

percent and, more preferably, from 75 to 85 percent. The layers of non-reactive powder 

particles preferably have a pprosity of from 60 to 90 percent, and, more preferably, from 70 to 

85 percent. The layers of the mixtures of reactive and non-reactive powder particles preferably 

15  have a porosity of from 50 to 90 percent and, and more preferably, from 70 to 85 percent. 

The reactive and non-reactive powder particles may be coated on the ceramic 

bodies by many techniques. For example, the powder particles may be dispersed in water and 

deposited, for example, by spraying, brushing, or printing. One can also use techniques such as 

chemical vapor deposition, plasma-enhanced deposition or ion beam sputtering. If the powder 

20  particles are deposited as a dispersion, the layer of powder particles is preferably dried before 

infiltrating the metal. 

Once the reactive and non-reactive powder particles have been coated onto the 

appropriate ceramic bodies, the ceramic bodies are abutted together at the surfaces to be 

bonded The coating between the first ceramic body and the second ceramic body is then 

25  contacted with a metal. The metal may be an elemental metal or metal alloy. The contacting: 

step may be accomplished, for example, by placing the metal between coated surfaces or by : 

merely contacting an exterior portion of the powder particle coating. 

The contacted metal is then heated to a temperature for a sufficient period of 

time so that the metal wicks through the coating and around the individual particles of the 

30 coating, finally contact the two ceramic bodies. During the heating step, the metal infiltrates: 

into the bonding zone but does not need to infiltrate into the ceramic bodies. If the ceramic 

bodies are dense and/or non-wettable by the metal, the metal will generally not infiltrate into 

the ceramic bodies. 

Usually it is preferred to merely contact a portion of the periphery of the powder 

35  particle coatings with the inf iltrating metal because the technique of drawing the metal into ; 

the bonding zone from the periphery minimizes the amount of metal oxide in the final bonded 

product, as moving molten metal carries minimal amount of metal oxide. In contrast, when the 
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metal, and its accompanying metal oxide, is sandwiched with the coatings, the metal oxide 

remains a fjart of the final bonded product. 

Typically, when the metal is aluminum or an aluminum alloy, the temperature for 

wicking is from 1000°C to 1200°C and the sufficient period of time is from 5 to 45 minutes. 

5    Preferably, the heating step is conducted under vacuum. Alternatively, an atmosphere of inert 

gas may be used. 

After the heating step, the ceramic body structure is cooled, typically to room 

temperature, thereby solidifying the metal and bonding the ceramic bodies together. After 

cooling, the bonded ceramic bodies may be heat-treated t>y heating them to at most about 

10 800°C 

An exemplary combination of materials which may be used in the third 

embodiment is: B4C-AI as the material forming the ceramic bddies, B4C powder as the reactive 

powder particles, TiB2 powder as the non-reactive powder particles, and aluminum or 

aluminum alloy as the metal. In this combination, the ceramic bodies (B4C-A1) are considered 

15 wettableby the metal (aluminum or aluminum alloyj. 

An alternative combination of materials for the third embodiment is the same as 

the combination previously described except that the ceramic bodies are formed of aluminum 

nitride. In this combination, the ceramic bodies (AIN) are considered not wettable by the metal 

(aluminum or aluminum alloy). 

20 The product, thus formed, is a layered structure which includes a first ceramic 

body, a metal- infiltrated layer bonded to the first ceramic body, and a second ceramic body 

also bonded to the metal- infiltrated layer. The metal-infiltrated layer contains reactive 

material, non-reactive material, and the infiltrated metal. The reactive material is formed from 

the reactive powder particles and the infiltrated metal, and the non-reactive material is formed 

25  from the non-reactive powder particles. 

Depending on the method of coating the reactive and non-reactive powder 

particles, the metal-infiltrated layer of the layered structure may have different material 

gradients. For instance, if reactive powder particles are c/eposited onto the ceramic bodies first, 

then the metal-infiltrated layer will have a higher level of reactive material relative to non- 
?. f. . . ..     ....... .. 1 1 

30 reactive material near the ceramic bodies. This portion having a higher level of reactive 

material may be referred to as a reactive-material-rich layer. The reactive-material-rich layer, 

when present, may be from 0.5 to 100 micrometers, but is preferably from 0.5 to 15 

micrometers thick. 

In the layered structure, the material formed by the reactive powder particles 

35  provides strong bonding and interfacial strength, the metal provides a ductile path for crack 

propagation, and the material formed by the non-reactive powder particles provides a barrier 

to reaction. A crack in the layered structure will typically begin at the brittle interface, which is 

formed by the reactive powder particles and the metal. The crack is then forced to propagate 
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through the weaker, yet more ductile, layer of the non-reactive powder particles/metal 

composite and behaves similar to a crack in metal. 

Advantages of bonding two ceramic bodies together using the method of the 

third embodiment are that one has better control of the interfacial strength and the type of 

5   fracture that will typically occur. In addition, the bonded product will have a blend of the 

positive attributes of a ceramic and the positive attributes of a metal. 

Accordingly, the present invention provides novel structures formed of non- 

wettable materials coated on a solid substrate which is normally not wettable by the non- 

wettable materials and methods for making same. The present invention also provides a 

-j o method for making ceramic-metal structures^ such as tapes, which requires little or no binders 

or organic solvents, is applicable to many different ceramic-metal formulations, allows easy 

control of the thickness of the tape, forms fairly dense tapes so that iif tie or no shrinkage occurs 

upon sintering, and does not require undesirably high processing temperatures. In addition, 

the present invention provides a structure of two ceramic bodies bonded together having high 

15 bond strength and slew critic propagation and methods of forming such structures; 

ThS-fdttbwing examples airef orillustrative purposes only and should notbe 

construed astimitihg the scope of the specification or the claims. Unless otherwise stated, all 

parts and percentages sre by weight. 

For the examples, contact angles of various metals on various substrates were 

20  measured. Dense substrates of AII\i, B4G, S13N4, T1B2, and W were polished to a 1 micron surface 

finish. 0.5-Gram samples ov various metals were placed on a 1 cm2 area of the finished surfaces. 

The metal/substrate setups were placed in a furnace equipped with tungsten heating elements, 

telescope viewing of the setups, and photography equipment capable of photographing the 

setups. After placingthe setups in the furnace> thefurnace interior was maintained under a 10- 

25 4 torr vaculrm and heated to 1200°C at a rate of 20°C/nniinute. The contact angles of the metals 

on the substrates v/ere measured from photographs taken of the setups after being 

maintained at 1200°G for 10 minutes. The contact angles of the metals on the substrates are 

shown in the following tabie. The first three combinations showunwetting behavior, and the 

!ast three combinations 'show Wetting behavior. 

30 

35 
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"' Substrate Metal .Contact Angle 

AIN Al   ' '! 130°   ' ' 

B4C Cu " 135° 

Si3N4 Al i05° 

, TiB2 .......               Al 25° 

B4C :..( . ,  „                     Al   . 20° 

10     ,  W. , .»..,                   Cu   . tr.  10° . 

EXAMPLES   , ,f!.} 

Example 1 ' '■        ■ .; : >; ,f , «. . 

Boron carbide powder, produced by Elektra^^ 
15  Germany, specification 1500, having an average particle size of about 3 micrometers, was 

baked in an argon atmosphere at 1400°C to passivate the surface of the boron carbide and 

.;   render it chemically-compatible with aluminum. The baked boron carbide was dispersed to a 

25 weight percent solids in water having a pH jof 7, controlled yyith addition of NH4OH. 

A surface of an AIN substrate was spray-coated with the dispersion of the boron 
20  carbide powder in the shape of a tree having three branches extending from a trunk. The 

spray-coating on the AIN substrate was then allowed to dry. The spray-coating had a thickness 

of about 10 micrometers; Aluminum metal was contacted.with the sprayrcpating atthe 

bottom of the tree-shaped horom carbidercoated surface, and the aluniinum^ontacted AIN 

substrate was then heated tori 160°Gunder vacuum.^Che temperature was held,at 1160°Cfor 
25  12 minutes. Even though molten metal does not typisaWywet aluminum nitride, in this 

experiment, the entire tree-shaped boron carbide-coatsf! surface had a^thin layer of aluminum 

well bonded to^the aluminum nitride* A polished crosr-seotion of the coated substrate showed 

a substantially continuous layer of boron carbide^aluminum composite bondedto the 

aluminum nitride substrate. It was observed that the direct contact area of the aluminum with 
30 the aluminum nitride was higher than 75 percent. 

Example 2 

Titanium boride powder, produced by Herman Starck of Germany, having an 

average particle size of about 4 micrometers was dispersed in methanol to a solids content of 

25 weight percent. A block of hot-pressed silicon nitride was spray-coated with the titanium 
3S  boride dispersion. The layer of titanium boride was then allowed to dry and had a dry thickness 

of about 150 micrometers. Aluminum metal was 
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placed in contact with the titanium boride layer, and the structure was heated 540°C per hour 

to 1160°C under vacuum, arid the temperature was held at 1 T60*C for 30 minutes. Normally, 

alumin um does not wet silicon nitride and the contact angfe below 1200°C is higher than 90°. 

However, in this experiment, aluminum wetted most of the silicon nitride, leaving only spots 

5    which had not been coated with enough titanium boride. It was observed that the direct 

contact area of the aluminunri with the silicon nitride was about 80 percent. 

Example 3 

A slurry of tungsten powder was prepared by dispersing tungsten powder, having 

an average particle size of 1 to 3 micrometers, in heptane to a percent solids of 15 weight 

10 Percent; 

Two hot-pressed boron carbide substrates were machined smooth on one surface 

each, the first boron carbide substrate was sprayed on its machined surfate with the tungsten 

powder sSurry. The tungsteri coating was then allowed to dry and had a thickness of about 25 

micrometers, the machined surface of the second bordh carbide substrate was not coated with 

15  tungsten/Copper metal was then placed on top of each of the boron carbide substrates, and 

the structures were heated to arid held at 1160°C for 30 minutes. The copper on the tungsten- 

coated boron carbide surface formed a hemisphere with a contact angle of 60° at 1160°C and 

wetted the boron carbide. In coritrast, the copper on the uhcbated boron carbide surface 

formed a sphere with a contact angle of 135° at 1160°C and did not wet the boron carbide. 

20   Example 4 

A slurry of titanium boride powder was prepared in methanol to a percent solids 

of 20 weight percent, the titanium boride powder used had an average particle size of about 4 

micrometer*. Two substrates of alUrriirium nitride were spray-cbated on one side each w 

titanium boride slurry, the titanium boride coatings Were then allowed to dry and had a 

25  thickness of 10 to 25 micrometers, the two coated substrates of aluminum nitride were then 

sandwiched together so that the titanium boride layers were placed in direct contact with one 

another: The AIN-tiB2-AIN sandwich was then contacted with aluminum atthe TiB2 coatings 

and heated to 1160eC: At 1l 60bC, molten aluminum infiltrated the porous TiB2 layer forming a 

strong interfacial bond between the aluminum-TiB2 and the AIN. 

30  Example 5 

Slurries of aluminum nitride powder and of titanium boride powder were 

prepared in methanol to a percent solids of 25 weight percent. An aluminum nitride substrate 

was spray-coated with the slurries so that the aluminum nitride substrate had one layer of 

aluminum nitride povyder and two layers of titanium boride powder on top of the layer of 

35  aluminum nitride powder. The aluminum nitride powder had a particie size of 3 to 4 

micrometers, and the titanium boride powder had a particle size of 4 to 6 micrometers. The 

coated substrate was dried. The thickness of the dried aluminum nitride layer was about 10 

micrometers, and the total thickness of the dried titanium boride layers was about 125 
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micrometers, The titanium boride layers were contacted with aluminum, and the structure was 

headed to and held at 1160fCfQr 18 minutes under vacuum. At 1160°C, molten aluminum 

,   , infiltrated the titanium boride layers forming a thin, flat tape on top of the aluminum nitride- 

.,    coated ^luminjUm nitride substrate, the tape faying a thickness of 140 to 180 micrometers. The 

3    aluminum metal did not penetrate the aluminum jiitride powder layer. As a result, the 

aluminum.did not bond to the aluminum nitride substrate. Thetape had a titanium boride 

content of about 20 volume percent. The titanium boride-aluminum tape easily peeled away 

from the aluminum nitride substrate.        ,        v >^ \r. ^ 

Example6    . . , ,,; v 

^ 0 A slurry of aluminum nitride powder was prepared in methanol, and a slurry of 

boron-carbide powder was prepared in Neater haying a pKo.f 7 controlled with addition of 

NH4OH. Thealuminum nitride povyder hadLao 9£erq£|f; particle sizepf abo^ut l micrometer, and 

theborop carbide powder had an average particte ,$i2£of about 3 miqx)peters.vAn aluminum 

, , nitride substrate,yy^sspray-coated first with the slurry.^f jaJumipujrn nitride powder and 

15 . afterward with the boronicarbide powder. Th^ coated^lumjnum nitride sjubstrate was then 

dried. The dried coatings had a to^aj dry thickness.of a|3put 180.micrometers. The boron 

carbide powder layer was contacted with aluminupp and the structure was then heated to and 

held at 1160°Cfpr 30 minutes under vacuum. After copljng^be boron carbide/aluminum tape 

separated from the aluminum nitride substrate due tPfthe difference in thermal expansion 

20  between the tape and the substrate. The tape had a thickness of 160 to 200 micrometers, and 

.,. the ceramic content of the tape vias 15 to 20 weight percent. 

In Examples ? to 7Q the tensile strengths of the interface between the ceramic 

bodies were measured by tensile tests using usijiq an Injtrpn, Model 1125, with a cross-head 

speed of 0.002 inches/minqte and a load cell of 10^000pounds. The results were determined 

25  from displacement versus load curves which were generated during the tensile tests. 

Example?    ...... ,' ..,   

.  , A surface of each of two dense bod j^s pf B^CrAI, vyere sprayed initially with a layer 

of B4C povyder as the reactive povyder and thereafter sprayed with a layer of T1B2 powder as 

the non-reactive powder. Both the B4C and the T1B2 powders were sprayed as dispersions in 

30  methanol. The B4C powder had an average particle size of about 3 micrometers. The coated 

layers were then dried. The dried layer of B4C powder was about 10 micrometers thick and had 

a density of about 20 percent theoretical density (that is, a porosity of about;80 percent). The 

T1B2 powder had an average particle size of about 6 micrometers. The dried layer of TiB2 

powder was about 20 micrometers thick and had a density of about 25 percent theoretical 

35   density (that isr a porosity of about 75 percent). The density (or the porosity) of the powder 

layers were estimated after infiltration of the metal, as discussed below.Aluminum foil was 

then sandwiched between the two coated surfaces of the ceramic bodies. The sandwiched 

ceramic bodies were then exposed to a temperature of 1160°C for 15 minutes to allow the 
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aluminum to infiltrate and to bond the two ceramic bodies together. The resulting strength of 

the bond was measured to be about 1830 psi at which point a crack initiated in the brittle layer, 

B-C-Al, of the bonding zone. The crack did not propagate through the B4C-B4C-Al interface, 

but through the T1B2-AI-AI interface. The crack propagated in a ductile manner as 

5    demonstrated by the displacement versus load results from the tensile test. 

The densities (or the corresponding porosities) of the powder layers on the 

ceramic bodies were determined by observing a cross section of the metal- bonded ceramic 

bodies and determining the surface area of the powder and the metal. The densities of the 

powder layers (in percent) were calculated by dividing the surface area of the metal by the 

10 total surface area of the metal-powder composite and multiplying by 100. On the other hand, 

the porosities of the powder layers (in percent) were calculated by dividing the surface area of 

the powder by the total surface area of the metal-powder composite and multiplying by 100. 

Comparative Example 7 A 

Aluminum foil was sandwiched between two dense bodiei of B4C-AI, and the 

15  sandwich structure was exposed to a temperature of 1160°C for 15 minutes. The resulting 

strength of the bond wa$ measured to be 350 to 375 psi. 

Comparative Example 7B 

Two dense bodies of B4C-AI were placed together at flat surfaces, and aluminum 

foil was contacted to the periphery of the joined surfaces. The structure was then exposed to a 

2Q temperature of 1160°Cfor 15 minutes, there was no aluminum penetration into the interface 

between the two bodies. As a result, no bond was obtained between the two bodies. 

Comparative Example 7C 

A surface of each of two dense bodies of B4C-AI were sprayed with a layer of TiB2 

as a non-reactive powder having an average particle size of about 6 micrometers. The layer of 

25 T'B2 was about 20 micrometers thick and had a density of from 20 to 25 percent theoretical 

density (that is, from 75 to 80 percent porosity). The coated surfaces of the dense bodies were 

then abutted, and aluminum was contacted to the periphery of the abutting surfaces. The 

structure was then exposed to a temperature of 1160°C for 15 minutes, the aluminum flowed 

into the coating due to capillary action, and the dense bodies were bonded together. The 

30  resulting strength of the interface was measured to be about 1800 psi at which point a crack 

initiated in the bonding zone. The crack propagated spontaneously through the ceramic- 

cermet (TiB2-B4C-AI) interface. The crack propagated in a typical brittle manner as 

demonstrated by the displacement versus load results from the tensile test. 

35 
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CLAIMES: 

1. A method of coating a non-wetting fluidizable material onto a surface of a 

substrate, the substrate being not wettable by the non-wetting fluidizable material, the 

method comprising: 

- (a) depositing a layer of powder particles on the surface of the substrate, the 

powder particles being wettable by the non-wetting fluidizable material; 

(b) contacting the non-wetting fluidizable material to the layer of powder 

particles; and 

(c) allowing the non-wetting fluidizable material to wick between the powder 

I o particles in the layer and to contact the surface of the substrate, thereby coating the surface of 

the substrate with the non-wettable fluidizable material. 

2. The method of Claim 1, wherein the non- wetting fluidizable material is a 

meltable material and the method further comprises heating the meltable material while in 

contact with the layer of powder particles, the heating being performed to an elevated 

5  temperature and for a sufficient period of time so that the meltable material wicks between 

the powder particles. 

3. The method of Claim 1, wherein the substratie is f ormed of a substance selected 

from metal, glass, ceramics, and composites of ceramic and metal. 

4. The method of Claim 1, wherein the powder particles are formed of a 

3  substance selected from metals, ceramics, and mixtures thereof. 

5. The method of Claim 1, wherein the layer of powder particles has a thickness 

of from 1 to 500 micrometers thick. 

6. The method of Claim 1, wherein the powder particles have an average particle 

size of from 0.1 micrometers to 50 micrometers. 

^ 7. The method of Claim 1, wherein the layer of powder particles has a porosity of 

from 50 to 90 percent. 

8. The method of Claim 1, wherein the non-wetting fluidizable material is 

selected from organic fluids, inorganic fluids, polymeric materials, glass, and metals. 

9. The method of Claim 1, wherein the contact angle between the non-wetting 

fluidizable material, when f luidized, and a dense body of the substance forming the powder 

particles is less than 45°. 

10. The method of Claim 1, wherein the non-wetting fluidizable material 

contacts at least 50 percent of the surface of the substrate upon which the non- wetting 

fluidizable material is coated. 

11. A method of coating a non-wetting metal onto a surface of a ceramic 

substrate, the ceramic substrate being not wettable by the non-wetting metal, the method 

comprising: 
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(a) depositing a layer of powder particleson the surface of the ceramic substrate 

to a thickness of from 1 to 500 micrometers and a porosity of from 50 to 90 percent the powder 

particles being wettable by the non-wetting metal, having an average particle size of from 0.1 

micrometers to SO micrometers, and being formed of a substance selected from metals, 

5    ceramics, and mixtures thereof; 

(b) contacting the non-wetting metal to the layer of powder particles; and 

(c) heating the non-wetting metal while in contact with the layer of powder 

particles, the heating being performed to an elevated temperature and for a sufficient period 

of time so that the non-wetting metal wicks between the powder particles and contacts the 

10 surface of the ceramic substrate, thereby coating the surface of the ceramic substrate with the 

non-wettable metal and the non-wetting metal contacts at least 50 percent of the surface of 

the substrate which was covered by the layer of powder particles. 

12. A layered structure including a non- wetting fluidizable material on a solid 

substrate, the structure comprising: 

15 (a) a solid substrate; 

(b) a non-wetting f luidizable material coating adhered onto a surface of the soljd 

substrate, the solid substrate being not wettable by the hon-we^ting f luidizable material; 

and(c) powder particles dispersed in the coating of the non-wetting f luidizable material, the 

powder particles being wettable by the non-wetting f luidizable material. 

20 13. The structure of Claim 12, wherein the non-wetting f luidizable material is a 

meltable material. 

14. fKe structure of Claim 12, wherein the solid substrate is formed of a substance 

selected from the group consisting of metals, glass, ceramics, and composites of ceramic and 

metal. 

25 15. The structure of Claim 12, wherein the powder particles are formed of a 

substance selected from the group consisting of metals, ceramics, and mixtures thereof. 

16. The structure of Claim 12, wherein the dispersed powder particles are in a 

layer having a thickness of from 1 to 500 micrometers. 

17. The structure of Claim 12, wherein the powder particles have an average 

30 particle size of from 0.1 micrometer to 50 micrometers. 

18. The structure of Claim 12, wherein the non-wetting fluidizable material is 

selected from organic fluids, inorganic fluids, polymeric materials, glass, and metals. 

19. the structure of Claim 12^ wherein the contact angle between the non- 

wetting fluidizable material, when f luidized, and a dense body of the substance forming the 

35  powder particles is less than 45°. 

20. The structure of Claim 12, wherein the layer of non-wetting fluidizable 

material substantially continuously contacts the surface of the solid substrate upon which the 

non-wetting fluidizable material is coated. 
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21. A layered structure including a non-wetting metal on a ceramic substrate, the 

structure comprising: 

(a) a ceramic substrate; 

.  (b) a non-wetting met^l[coating adhered substantially continuously onto a 

c    surface of the ceramic substrate, the ceramic substrate being not wettable by the non-wetting 

metal material; and 

(c) powder particles dispersed in the coating of the non-wetting metal, the 

powder particles having an average particle size of from 0.1 micrometer to 50 micrometers, 

being wettable by the non-wetting fluidizable material, being formed of a substance selected 

1 o from metals, ceramics, and mixtures thereof, and being in a layer having a thickness of from 1 

to 500 micrometers. 

22. A method for making a ceramic-metal tape, comprising:, 

(a) depositing a layer of a non-wettable .ceramic powder onto a solid form; 

(b) depositing a layer of a wettable powder onto the layer of the non-wettable 

15  ceramic powder; 

(c) contacting a metal to the layer of the wettable powder; 

(d) heating the metal to a temperature in which the metal melts and wicks and 

inf iltrates through the layer of the wettable powder and around the individual particles of the 

wettable powder contacting the layer of the non-wettable ceramic powder to form a metal- 

20 infiltrated structure; and 

(e) cooling the metal-infiltrated structure to solidify the metal, thereby forming a 

ceramic-metal tape on the solid form, wherein tjhe non-wettable ceramic powder is not 

wettable by the molten metal and the wettable powder is wettable by the molten metal. 

23. The method of Claim 22, wherein the non- wettable ceramic powder does not 

25  bond to the solid form upon being subjected to the heating step. 

24. The method of Claim 22, further comprising the step of: 

(f) removing the ceramic-metal tape from the solid form. 

25. A method for making a ceramic-met^l structure,, comprising: 

(a) depositing a layer of a non-wettable ceramic powder onto a solid form; 

30 (b) depositing a layer of a wettable powder onto the layer of the non-wettable 

ceramic powder; 

(c) contacting a metal to the layer of the wettable powder; 

(d) heating the metal to a temperature in which the metal melts and wicks and 

infiltrates through the layer of the wettable powder and around the individual particles of the 

35 wettable powder contacting the layer of the non-wettable ceramic powder to form a metal- 

infiltrated structure; 
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(e) cooling the metal-infiltrated structure to solidify the metal, thereby forming a 

ceramic-metal tape on the solid form, wherein the non-wettable ceramic powder is not 

wettable by the molten metal and the wettable powder is wettable by the molten metal; 

(g) layering the ceramic-metal tape with at least one other ceramic-metal tape; 

5    and r      ' 1 ■ *   " ■ 

(h) heating the layered ceramic-metal tapes to a temperature which causes the 

layered ceramic-metal tapes to bond together and form a ceramic-metal structure. 

26. A"method for bonding ceramic bodies together, comprising; 

(a) coating a surface of a first ceramic body with non-reactive powder particles 

10 and reactive powder particles; 

(b) abutting ai surface of a second ceramic body against the coated surface of the 

first ceramic body; 

(c) contacting the coating between the f irst ceramic body and the second ceramic 

body with a metal, the non-reactive powder particles being non-reactive with the metal, and 

! 5 the reactive powder particles being reactive with the metal; 

(d) heating the metal to a temperature for a sufficient period of time so that the 

metal infiltrates through the powder particle coating, around the individual powder particles, 

and contacts the two ceramic bodies; and 

(e) cooling the infiltrated metal until the metal solidifies, thereby bonding the 

2o two ceramic bodies together; 

27. The method of Claim 26, wherein the coating of the non-reactive powder 

particles and the reactive powder particles is a mixture of the non-reactive powder particles 

and the reactive powder particles. 

28. The itiethdd of Cteim 26, wherein the coating of the non-react'we powder 

25  particles and the reactive powder particles includes a layer of the reactive powder particles 

adjacent to the surfate of the first ceramic body and a layer of non-reactive powder particles 

coated onto the layer of the reactivfe powder particlesj * 

the method further comprising coating the surface of the second ceramic body 

with a layer of reactive powder particles, 

30 the step of contacting the surface of the second ceramic body with the coated 

surface of the first ceramic body includes contacting the coated surface of the second ceramic 

body with the coated surface of the first ceramic body. 

29. The method of Claim 26, wherein the particle size of the reactive and non- 

reactive powder particles is from 0.1 to 10 micrometers. 

35 30. The method of Claim 26, wherein the reactive and non-reactive powder 

particles are ceramic. 

31. The method of Claim 26, wherein the coating of the non-reactive powder 

particles and the reactive powder particles includes a layer of the reactive powder particles 

- 22 - 



WO $7/00734 PCT/US96/10180 

adjacent to the surf ace of the first ceramic body and a layer of non-reactive powder particles 

coated onto the layer of the reactive powder particles, the layer of reactive powder particles 
; being from 0.5 to100;micrQmeters thick, and the Jayer of non-reactive .powder particles being 

' from 0.5 to 25 micrometers thick, 

5 32. The method of Claim 26, wherein the coating of the non-reactive powder 

particles and the reactive powderparticles includes a layer of the reactive powder particles 

adjacent to the surface of the first ceramic body and a layer of non-reactive powder particles 

coated onto the Jayer of the reactive powc^r particles, the layer of reactive powder particles 

having a porosity of from 50 to 90 percent, and the Iqyer of non-reactive powder particles 

10 having a porosity of from 60 to 90 percent. , Vf t 

"-:33»|The method of Claim 26, wherpin the contacting of the metal is performed by 

placing the metal between the two ceramic bodies. 

34. The method of Claim 26, wherein the contacting of the metal is performed by 

contacting an exterior portion of the. coating with tfremjetql. . 

15 35. A layered structure haying at least tyyq bodies of ceramic, the layered 

structure comprising: (a) a first cer amic body; . t.. 

(b) a metaJ-infiltrated layerbonded to tKe first ceramic body, the met^ 

infiltrated layer containing reactive material, npn-re.^^ and metal; and 

(c) ,a second ceramic body bonded tq the rpetal- infiltrated layer, 

20 the reactive material being reactive to the; metal and the non-reactive material 

being non-reactive to the metal.        ,   f,; .  , r< . ., 

36. The layered structure of C|aim^5, vyb^rein, in the metal-infiltrated layer, 

there is a higher level of reactive material than nonrreactive material near the ceramic bodies. 

37. The layered structure of Claim 35, wherein the reactive and non-reactive 

25  materials are ceramic.     ^      . ,;v<i ,v 

38. The layered structure of Claim 35^wherein the metal-infiltrated layer includes 

a layer rich in reactive material near each of the cer^rnic bodies, the reactive-material-rich layer 

being from 0,5;to 100 micrometers thick. - ; ^ 

30   • - — 

35 
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